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INTRODUCTION

Preliminary results from sampling the Mogollon mining district and 

surrounding areas within latitudes 33°21'00" to 33°30'00" and longitudes 

108°45'00" to 108°5r40" are shown here. This sampling program utilized 

alluvial heavy-mineral techniques, a method of goechemical exploration 

that has seen considerable success in other parts of the southwestern 

US. The sampling was begun in fall 1977 and reached completion in 

spring 1978. The chief purpose was to determine geochemical exploration 

guidelines that would be helpful in the discovery of additional deposits 

in the district, as a supplement to current detailed geologic mapping 

being conducted by J. C. RatteC Helpful guidelines to exploration can 

result from determining district patterns of metal zonation. Zonation 

patterns of metals can provide clues to the position of metal system 

epicenters, which can be tested for the presence of ore bodies by the 

use of detailed exploration involving drilling and other techniques.



The most outstanding finding that can be reported at this time is 

that there exists extensive geochemical anomalies on the east (hanging 

wall) side of the Queen fault. Economic mineral deposits are not as yet 

known to be present on this side of the fault. Ferguson (1927) 

suggested the possibility for mineral deposits in that area but 

indicated that if present, they would be substantially deeper than on 

the foot wall side where much of the ore was found close to the 

surface. Preliminary observation of the data suggests that many metals 

occur in zonal patterns relative to each other and although the 

relationships between metals have not been determined in detail, 

possibilities exist for finding the centers of ore bodies on the basis 

of metal zonation relationships. There is also a suggestion that 

mineralized ground is more extensive areally than one would suppose from 

the surface distribution of known mines. Providing that the optimum 

sampling medium is employed, the outer extremities of a mineralized area 

can best be determined geochemically, and while the outer extremities 

may not contain ore grade material, the extent of permeation by 

mineralizing solutions can be ascertained.



Metals showing unusual variations and anomalous concentrations in 

the area include: Ca, Mn, Ag, As, Au, B, Ba, Be, Bi, Cu, Co, Mo, Nb, 

Pb, Sb, Sn, V, and Zn. The minerals fluorite, and barite, and carbonate 

minerals were frequently noted during mineralogic scans of the 

samples. These gangue minerals are the same as reported in published 

descriptions of the known deposits (Ferguson, 1927). Quartz, which was 

a very abundant gangue mineral with the ore of course is never present 

in a heavy-mineral concentrate and so it was not noted in our samples.

There were 186 sample sites established in this study, but 

sometimes an inadequate amount of nonmagnetic material prohibited the 

analysis of some nonmagnetic samples. As a result, there is more data 

available for the magnetic fraction than for the nonmagnetic. The 

available analytical results for all of the samples are summarized 

statistically in table 1, analysed by Spearman Rank Correlation in table 

2 and tabulated in their entirety in table 3.

Less Osborne and Peter Leiggi provided assistance in the field 

during spring 1978, sometimes under difficult working conditions. J. C. 

Ratte suggested this geochemical program and introduced us to the 

geology and geography of the area.



METHODS 

Sampling and sampling-preparation methods

Sampling was accomplished by jeep and foot traverses. About 4.5 kg 

of bulk alluvial gravel was collected for the purpose of panning a 

heavy-mineral concentrate. Fortunately in the Mogollon area, water was 

found at close enough intervals that panning was possible at or near 

many sample sites or if not, sites were often relatively close to jeep 

roads; thus we were generally able to circumvent the necessity of 

carrying samples for long distances.

The bulk sample was generally collected into a 20 X 36 cm (8 X 14 

in) cloth bag or if water was nearby, one full 16" gold pan was 

collected for panning. The sample material was gathered with an army- 

type entrenching tool, and a prospector's pick where holes were required 

or boulders were removed. Where possible, the sediment was collected at 

oblique angles to the active drainage channel, across its full width, 

and as deep and close to underlying bedrock as practicable. If the 

active sediment channel was wide, it was collected as a series of random 

scoops across the full width.

The alluvial samples were collected from small tributaries which 

often measured <3 knr (<0.5 mi^) in drainage area. Some of these 

tributaries could be described as little more than topographic 

indentations, sampled where sample-site control was wanted. Usually 

these topographic indentations were filled by alluvial gravel, sand and 

silt, which were the sample materials sought but sometimes these 

deposits were covered by colluviurn, soil, and organic litter that



required removal by scraping aside and digging sometimes as much as 0.5 

m deep. Wherever possible the sampling was kept within the medial 

portion of the drainage where the most representative sample material is 

usually found. Sometimes alluvium was not available at all and dubious 

recourse was made to soil and colluvium, the only sample materials 

available. In all cases, obvious sources of contamination, such as mill 

wastes were avoided in the sampling, either by collecting above 

obviously suspicious accumulations or by sampling nearby, uncontaminated 

drainages instead. Cumulative dilution and contamination effects result 

from incremental introductions of barren material and contamination and 

both increase with increase in catchment area size. Prohibitively large 

amounts of both types of interference were somewhat circumvented by 

making use of tributaries and rills of small drainage area rather than 

the large drainage systems. Panning reduces the proportions of both 

barren material and contamination relative to the minerals of 

interest. The minerals of interest are those heavy, ore-related ones 

that are indigenous to the sample locality and those metal-rich minerals 

brought to the surface by mining and pitting and other surface 

disturbances but that are nevertheless representative of the sampled 

area, and close to their source.



Subsequent to panning, the wet heavy-mineral concentrate was placed 

in a kraft paper bag which allowed the sample to dry. The sample was 

then processed in the following steps:

1. Air- and heat-dried in the kraft paper sample bags.

2. Sieved to <16 mesh (<1.2 mm); coarse discarded.

3. Hand magnet removal of magnetite; magnetite discarded.

4. Bromoform separation (specific gravity, >2.85); 

light-fraction discarded.

5. Washed with acetone and dried.

6. Further hand magnet removal of magnetite; magnetite discarded.

7. Electromagnetic separation using a Frantz Isodynamic Separator1 

at 0.1 amp and 1.0 amp (forward setting 25°, side setting 

15°); fraction magnetic at 0.1 amp (mainly residual 

magnetite) discarded.

of a specific brand name is for descriptive purpose only and does 
constitute endorsement by the U.S. Geological Survey.



8. Two fractions derived at a 1.0-amp setting:

(a) Nonmagnetic (at 1.0 amp) contains light-colored, 

heavy-rock accessory minerals such as zircon, 

sphene, clinozoisite, and apatite and in mineralized 

areas commonly primary and secondary ore minerals 

such as fluorite, galena, barite, scheelite, 

cassiterite, pyrite, chalcopyrite, molybdenite, 

and wulfenite.

(b) Magnetic (at 1.0 amp) contains secondary hydrous Fe- 

and Mn-oxides, which many times, when metal-rich are 

derived from gossans, fracture fillings and coatings, 

related to metallization. Mafic mafic rock-forming 

minerals such as biotite, amphibole, pyroxene, as well 

as, such minerals as epidote (usually pistacite), 

sphene, and garnet are also included in this 

concentrate fraction.

9. Microscopic examination for mineralogy and assessment of

processing quality.

10. Pulverization to <150 mesh (<0.10 mm) using an agate mortar 

and pestle.



Analytical methods

All samples were analyzed by 6-step semiquantitative emission 

spectrography for the determination of Fe, Mg, Ca, Ti, Mn, Ag, As, AU, 

B, Ba, Be, Bi, Cd, Co, Cr, Cu, La, Mo, Nb, Ni, Pb, Sb, Sc, Sn, Sr, V, W, 

Y, Zn, Zr and Th (Th was not analyzed in all samples) using the field 

method of Grimes and Marranzino (1968). Results of these spectrographic 

analyses for all of the sample media were measured within geometric 

intervals having the boundaries 1,200, 830, 560, 380, 180, 120 in parts 

per million but they were reported as approximate geometric midpoints 

such as 1,000, 700, 500, 300, 200, 150, 100. For purposes of 

geochemical exploration Motooka and Grimes (1976) found analytical 

precision for most of the elements to be well within what is required. 

Their studies on precision making use of repeat analyses showed that 

concentrations fall within one adjoining reporting interval 83 percent 

of the time and within two adjoining reporting intervals 96 percent of 

the time for all of the elements.

The analyses for this report were performed by Carl L. Forn and 

David F. Si ems.



Statistical methods

All data listed in the tables were entered into the U.S. Geological 

Survey computer data storage system entitled RASS (Rock Analyses Storage 

System). The data were then retrieved from this system and analyzed 

statistically using the U.S. Geological Survey STATPAC programs 

(VanTrump and Miesch, 1976) for log transformation and graphical 

analysis. The transformation of raw analytical data to logarithms prior 

to graphical analysis is based on the assumption that trace-element data 

approximates a log normal frequency distribution.

The Spearman Rank Correlation Coefficients were calculated on the 

raw analytical data utilizing another existing STATPAC program (VanTrump 

and Miesch, 1976). The Spearman Rank Correlation is an appropriate 

correlation analysis for trace-element data because being nonparametric 

no assumptions are made with regard to the prevailing type of frequency 

distribution. For that reason, it usually produces more realistic 

calculated values than does product-moment calculations using log 

transformed data based on an assumption of approximate log normality. 

The main shortcoming of the Spearman Rank Correlation is that it can 

only accomodate matrices under 400 rows (samples) in the data file. As 

is the case with other types of correlation coefficients +1.00 indicates 

perfect positive correlation between variables, -1.00 indicates negative 

correlation or antipathy and 0.00 indicates random relationship or lack 

of dependence between variables. Most coefficients in table 2 fall 

somewhere between these extremes. Spearman Rank Correlation 

Coefficients are listed for the nonmagnetic fraction in table 2 and for 

the magnetic in table 3.



Christine McDougal made the initial data retrievals from the RASS 

system.

DISCUSSION

Geochemical sampling has shown that ore indicator metals are 

enriched on the hanging wall side of the Queen fault where commercial 

mineral deposits are not as yet known to exist. It can be inferred that 

additional mineral deposits may be found east of the Queen fault but 

probably at greater depths than the previously commercial ones to the 

west. The geochemical anomalies are sufficiently strong to warrant 

further investigation.

Cu, Pb, Ag, As, Sb, Zn, Au, Sn, Nb, Be, Bi, B, Mn, Ba, and Ca are 

some of the prominent elements showing enrichments and variation that 

suggest the occurrence of mineralization in the area. Gold is a metal 

previously mined from the district so the distribution of it is of some 

interest. It was detected in only a few samples including sample sites 

east of the Queen fault as mapped by Ratte (1977) and Ferguson (1927). 

Owing to the poor spectrographic detection limits and the particulate 

nature of gold, and because it is not always possible to dig deep enough 

with the entrenching tool to obtain gold, its presence in certain areas 

could very well have gone undetected. Silver, copper, and lead seem the 

most specific indicators of metallization of the types known in the past 

to occur. Silver shows closest spatial correlation with areas of known 

deposits on the west side of the Queen fault. Silver anomalies, based 

on the maximum area within which high values have been found, roughly 

outline the mining district but they are also present east of the fault 

where they extend outward an average of about 600 m. Unusual

10



enrichments of Cu and Pb are pronouncedly developed on the eastern, 

hanging wall side of the Queen fault. The Cu halo extends out an 

average distance eastward of about 1200 m and Pb forms a strong halo 

that extends an average of about 700 m. The Cu and Pb halos appear to 

have been faulted or were localized by faults because halo shapes seem 

roughly controlled by fault trace terminations. Unusual enrichments in 

Sb, Nb, Sn, As, and B to mention a few, show prominantly in the southern 

part of the Mogollon quadrangle, east of the Queen fault, particularly 

in the vicinity of Deadwood Gulch. Of this group, As shows the broadest 

metal halo east of the Queen fault. The anomaly halo for As begins at 

about 700 m and extends to 3000 m eastward from Deadwood Gulch. Tin 

extends eastward from the surface trace of the Queen fault an average 

distance of about 600 m. Tin concentrations in the range 500 to >2000 

parts per million are usually indicative of the presence of cassiterite 

in other areas within the region but this mineral was not observed here 

during microscope scans. Boron enrichments in certain parts of the area 

are high enough to suggest the presence of a distinct mineral phase 

containing boron as a major constituent. Tourmaline was sought in 

samples containing high boron but was not found, perhaps because the 

samples were small and sparse fine-mineral grains were the only ones 

present; these being used up in the analysis. Boron could be a very 

useful pathfinder element because it could be specific for the location 

of tourmalinized altered zones or greisens adjacent to intrusives or 

breccia pipes if they exist in the area. Boron minerals other then 

tourmaline may be present instead but most of these minerals could also 

indicate similar contact metamorphic environments.

11



Other indicator elements that may prove useful in the area, are Ba 

and Ca in the nonmagnetic fraction, which when in concentrations of 

about 5000 ppm and 50 percent, respectively, may indicate halos and 

gangue of barite, fluorite, and calcite the known distribution of which 

could aid in location of veins. In the magnetic fraction, Mn in amounts 

of >5000 ppm is usually due to the presence of manganese oxides which 

are known to form broad halos on the periphery of deposits. Barite 

behaves in a similar manner in many mineralized areas. These Mn and Ba 

halos could be used to define the outer horizontal extremity of the 

mineralized area but more importantly, they may also occur on the upper 

level within the vertical zonation of metals thereby indicating the 

possible positions of unroofed, blind mineral deposits at depth. 

Ferguson (1927, p. 42) points out that manganese mineralization in the 

form of manganiferous calcite and rhodochrosite dominates in the near 

surface veins east of the Queen fault and occurs in the upper portions 

of productive veins west of the fault. Weathering of the calcite and 

rhodochrosite will yield hydrous Mn-oxides of the type collected into 

the heavy-mineral concentrate.

This discussion does not include a consideration of all metals of 

interest but should serve to demonstrate possibilities that can be 

exploited in gaining maximum exploration advantage from this data.

12



Explanation for tab'le 3

The column listings on table 2 are arranged so that column 1 

contains the row numbers and column 2 contains the field sample 

numbers. The first two numbers of the field sample number designate the 

year the sample was collected. The next two letters indicate the 7 1/2- 

minute quadrangle in which the sample was collected. The letter 

abbreviation and corresponding quadrangles are as follows: 

Mo - Mogollon 

HM - Holt Mountain

The three numbers following letter abbreviations are the unique 

identification of the sample site. Letter suffixes at the end of the 

field sample number have the following meanings: 

N - nonmagnetic (NM-1) heavy-mineral concentrate. 

M - magnetic (M-l) heavy-mineral concentrate.

The latitude and longitude for each sample locality is shown in 

degrees, minutes, and seconds in columns 3 and 4. The remaining columns 

list the 31 elements for which data area available.

The following examples illustrate the element column headings: 

S-Fe% - Semiquantitative spectrographic analyses of iron in

percent.

S-Mn - Semiquantitative spectrographic analyses of manganese 

in ppm.

13



Symbols used where metal contents were not determined are:

N - Not detected at the lowest level of the spectrographic standard 

level or at the value shown.

< - Detected, but below the lowest level of the spectrographic 

standard or below value shown.

> - Greater than the value shown.

- - No data available.

The lower limits in 1977 on the spectrographic standard for 

semiquantitative emission spectrographic analyses of heavy-mineral 

concentrates area as follows: (Ti, Mg, Fe, and Ca are reported in 

percent: all other elements are reported in ppm), Ti, 0.005; Mg, .05; 

Fe and Ca, 1.0; Ag, 1.0; Be, 2; Co, Cu, Mo, Ni, and Sc, 10; Mn, Au, B, 

Bi, Cr, Pb, Sn, V, Y, and Zr, 20; Ba, Cd, La, and Nb, 50; W, 100; Sb and 

Sr, 200; and As and Zn, 500.

The upper limits in 1977 on the spectrographic standard for 

semiquantitative emission spectrographic analyses of heavy-mineral 

concentrates are as follows: (Ti, Mg, Fe, and Ca are reported in 

percent; all other elements are reported in ppm), Ti, 2; Mg, 20; 

Fe and Ca, 50; Sc, 200; Au and Cd, 1000; Be, Bi, La, Sn, and Zr, 2000; 

B, Co, Mo, Nb, and Y, 5000; Mn, Ag, Ba, Cr, Sr, and Ni, 10,0000; As, Sb, 

W, V, and Zn, 20,000; and Cu and Pb, 50,000.

In 1978 both upper and lower boundaries were two reporting 

intervals lower than 1977, as can be observed from the data 

tabulation. For most elements these differences are not critical to the 

data interpretations.

Analytical results for nonmagnetic (NM-1) heavy mineral 

concentrates begin on p. 38; for magnetic (M-l) on p. 51 of table 3.
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Table 3.--Analytical results for 178 nonmagnetic and 186 magnetic 

heavy-mineral concentrate samples derived from alluvium, 

Mogollon mining district, New Mexico
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